ABSTRACT: Determination of plasma osmolality is useful for determining proper administration of fluid therapy. In many reptilian species, the normal plasma osmolality is unknown. To prevent detrimental fluid shifts, knowledge of a patient's osmolality is imperative. The purpose of this study was to determine plasma osmolality in 11 healthy adult male bearded dragons (Pogona vitticeps) and to validate plasma osmolality equations that are used to calculate osmolality in other species. Venipuncture was performed via the ventral coccygeal vein, and plasma biochemical profiles were obtained from a point of care chemistry analyzer. Calculated plasma osmolality was determined using the following equations: 2 (Na ) + Glu/18 + UA/2.8 + 9. Plasma osmolality was measured in duplicate with a freezing-point depression osmometer, and the mean value was calculated for the two osmolality measurements. Measured and calculated plasma osmolalities, as well as the plasma biochemical analytes, were normally distributed. The mean measured plasma osmolality was 295.4 ± 9.35 mOsm/kg. There was poor agreement between the measured and calculated osmolalities. Because of these limitations, we modified the calculation [1.85 (Na + + K + )] to account for expected differences in the primary cations and anions in reptile plasma. This newly proposed formula resulted in good agreement with the measured osmolality. Osmolality of the bearded dragons in this study was similar to that reported in dogs, cats, and other desert-dwelling saurian lizards. When administering fluids to a dehydrated or debilitated bearded dragon, caution is advised as calculated values are not an accurate measure of patient osmolality.
INTRODUCTION
The mammalian and reptilian renal anatomy and physiology differ in numerous ways. As with other species, fluid absorption and fluid movement between the intracellular and extracellular space is dependent on the relative osmolality of the two compartments. Osmolality is a measure of solutes or particles in a solution without regard for charge, weight, or size (Wellman et al., 2006) . In mammals, alterations in plasma osmolality are closely regulated by the antidiuretic hormone vasopressin (DiBartola, 2006) . In reptiles, the exact mechanisms of osmolality control are not definitively understood; however, it is thought that osmolality is regulated in a similar manner to that in mammals, via changes in an alternative antidiuretic peptide hormone arginine vasotocin (Ford and Bradshaw, 2005; Holz, 2006) . Any abnormalities in these regulation systems can quickly lead to life-threatening electrolyte imbalances and dehydration.
Clinical knowledge of a patient's and a particular species osmolality is helpful for the administration of fluid therapy. Many of the commonly used fluids, including lactated ringers solution and 0.9% NaCl (physiologic saline), are formulated based on human plasma osmolality. Documented plasma osmolalities for dogs and cats range from 290 to 310 mOsm/kg and from 290 to 330 mOsm/kg, respectively (Macintire et al., 2005; DiBartolla, 2006) . To our knowledge, there is no information about the plasma osmolality in the bearded dragon (Pogona vitticeps).
Plasma osmolality values can be measured or calculated. Plasma osmolality is commonly measured by a freezingpoint depression osmometer. This device functions on the principle that a single osmole of a solute in a set amount of water (1 kg of water) will suppress the freezing point of water by 1.86°C (35.35°F) (Wellman et al., 2006) . Calculated values of osmolality are based on measurements of osmotically active solutes in the body. However, because some of these solutes are in small numbers or are permeable to cell membranes, the calculated measurements are often simplified. The following equations are sometimes used: (2 Na + ) + (BUN/2.8) + (Glu/18); 2(Na + ) + (Glu/18); 2 (Na + ); or 1.86 (Na + ) + Glu/18 + BUN/2.8 + 9 (Dorwart and Chambers, 1975; Acierno et al., 2009 ). The differences in the measured and calculated osmolality is termed the osmolal gap and can be used to detect the presence of osmotically active and toxic solutes, such as ethylene glycol (Wellman et al., 2006) . Because osmolality values in clinically normal reptiles have not been established, the accuracy and clinical practicality of the calculated values for this group of animals have not been verified.
The purpose of this study was to measure plasma osmolality in a population of healthy adult male bearded dragons. We also evaluated the level of agreement between the measured osmolality and the various equations used to calculate plasma osmolarity. Our hypothesis was that there would be good agreement between the measured and calculated values of osmolality in bearded dragons.
MATERIALS AND METHODS
This study was performed in accordance with the regulations set forth by the Institutional Animal and Care Use Committee at the University of Illinois (protocol 09-163). Eleven healthy captive born adult male bearded dragons were used for this study. They were housed individually in 91.44 cm × 71.12 cm × 45.72 cm (36 in. × 28 in. × 18-in.) cages (model 332; Vision Products, Canoga Park, CA) without substrate. The bearded dragons were provided a 12 h radiant light cycle and an ambient temperature maintained at 28.9-35° C (84-95°F). They also were provided with a basking site maintained at approximately 37.8°C (100°F) and UVB radiation (23-W compact bulb; Flukers Farm, Port Allen, LA). The bearded dragons were fed 2% of their body weight every other day, and their diet was alternated between feedings of mealworms (Zophobas morio), crickets (Acheta domestica), soldier fly larvae (Hermetia illucens), or hissing cockroaches (Gromphadorhina portentosa) (Flukers Farm). The enclosures were cleaned daily with a 10% bleach solution. Each animal was provided with a large water bowl (22 cm × 13.2 cm) that was filled with fresh, chlorinated tap water daily.
Each lizard was examined to ensure it was in good health. While in ventral recumbency, a 1.0-mL blood sample was collected from the ventral coccygeal vein. Immediately after venipuncture, the blood was placed in a lithium heparin microtainer tube (BD Biosciences, Franklin Lakes, NJ) and centrifuged at 500 × g for 15 min. A full biochemistry profile was performed utilizing a point of care analyzer (VetScan ® , Abaxis, Inc., Union City, CA). Avian Reptilian Profile Plus (Abaxis, Inc.) rotors were filled with 0.1 mL of plasma for measurement of 12 plasma analytes: aspartate aminotransferase, bile acids, creatine kinase, uric acid (UA), glucose (Glu), total calcium, phosphorus, total protein, albumin, globulin, potassium (K), and sodium (Na). The remaining plasma was harvested and frozen at -30°C (-22°F) in cryogenic vials. Within the next 30 days, the plasma was thawed, and the plasma osmolality was measured in duplicate via a commercial freezing-point depression osmometer (MicroOsmette, Precision Systems, Natick, MA). All measurements were performed by one of us (MJA) who was trained in the use of the osmometer. Before sampling, the osmometer was calibrated in accordance with the manufacturer's instructions. The two osmolality measurements from each lizard were averaged to calculate a single value.
Based on the methodology of a previous plasma osmolality study in Hispanolian Amazon parrots (Amazona ventralis) and a study evaluating osmolality in domestic mammals, four commonly used equations for determination of calculated plasma osmolality were tested (Dowart and Chambers, 1975; Acierno et al., 2009) (Wellman et al., 2006; Acierno et al., 2009 ).
Statistical analysis-Mean values for duplicate osmolality measurements and plasma biochemistry analytes were tested for a Gaussian distribution by the use of a Shapiro-Wilk test (Shapiro and Wilk, 1965) . Agreement between measured and calculated plasma osmolality was determined by the use of a Bland-Altman method (Bland and Altman, 1986) . Bias was defined as the mean difference between the two methods, and limits of agreement were calculated as the bias ± (1.96 × SD). Good agreement was defined as a bias and limits of agreement that varied by <5% of the mean of the plasma osmolality. A paired t-test was used to test the hypothesis that the means for the measured and calculated osmolalities were not different. Statistical analysis was performed using MedCalc 11.3 (MedCalc Software, Mariakerke, Belgium).
RESULTS
Values for the plasma biochemistry analytes were all normally distributed, and the descriptive statistics for each analyte is listed in Table 1 . Values of the duplicate osmolality measurements were all normally distributed too. Overall, the mean ± SD of the measured osmolality for the 11 lizards was 295.4 ± 9.35 mOsm/kg. Calculated means and SDs of each osmolality equation were as follows: 322.32 ± 9.28 mOsm/kg [2 (Na + (Fig. 3) ; and 1.86 (Na + ) + Glu/18 + UA/16.8 + 9, bias of −17.3 mOsm/kg and limits of agreement from −4.5 to −30.1 mOsm/kg (Fig. 4) . The results of the paired t-tests reaffirmed that the measured and calculated osmolalities were different (all comparisons P < 0.001).
DISCUSSION
In mammals, approximately 60% of an animal's body weight is from fluid; roughly 40% resides within the intracellular spaces, and the remaining 20% is within the extracellular maintained by the osmolal gradient. An increase in plasma osmolality of the extracellular space will cause fluid to shift out of cells, thereby causing cellular dehydration. Conversely, decreases in plasma osmolality will cause fluid to shift intracellularly, causing cellular swelling. Rapid fluid shifts in either direction can have detrimental consequences AST = aspartate aminotransferase, CK = creatine kinase, UA = uric acid, Glu = glucose, Ca = total calcium, Phos = phosphorus, TP = total protein, Alb = albumin, Glob = globulin, K = potassium, Na = sodium.
spaces (Wellman et al., 2006) . In contrast, in reptiles, excluding chelonians, it is documented that approximately 71-75% of the body weight is fluid, with 54% distributed in the intracellular spaces and 17% within the extracellular spaces (Mader and Rudloff, 2006; Nevarez, 2009) . Fluid balance between the intracellular and extracellular space is (Mader and Rudloff, 2006; Wellman et al., 2006; Nevarez, 2009) .
The mean plasma osmolality of the bearded dragons in this study was 295.4 ± 9.35 mOsm/kg. This is similar to the osmolality documented for both domestic canids and felids (290-310 and 290-330 mOsm/kg, respectively) (Macintire et al., 2005; DiBartolla, 2006) . This is slightly less but close to the plasma osmolality of green iguanas (Iguana iguana), 327 ± 3.3 mOsm/L (Fitzsimons and Kaufman, 1976) and 300 mOsm/L (Nevarez, 2009) , and more similar to the plasma osmolality of two other desert-dwelling squamates, the Gila monster (Heloderma suspectum) and the desert iguana (Dipsosaurus dorsalis). Reported plasma osmolality for these species are 292 mOsm/kg (range, 284-298 mOsm/kg) (Davis and DeNardo, 2007) and 300 mOsm/L (Nevarez, 2009) , respectively.
The second objective of this study was to evaluate the equations used to calculate plasma osmolality in clinical practice. This would simplify osmolality determination for the clinician when an osmometer is not available. In this study, none of the previously described equations were in good agreement with the measured osmolality, and all depicted the animals' osmolality to be greater (+5.1-11.4%) than that measured using an osmometer. However, of the three equations, 2 (Na + + K + ) and 1.86 (Na + ) + Glu/18 + UA/16.8 + 9 yielded values with the highest agreement. Using this information, a new formula was derived by estimating an approximately 7.5% difference between the cations (Na + + K + ) and anions (chloride + bicarbonate). The resulting equation 1.85 (Na + + K + ) has a much improved (<5% different) mean (298.15 mOsm/kg), bias (−2.7 mOsm/kg), and limits of agreement (from −17.0 to 11.6 mOsm/kg). It is unknown whether this equation is appropriate for other reptile species, but it should be evaluated.
This study also determined plasma biochemical profiles for the 11 adult male bearded dragons. The results of the plasma biochemical profiles are similar to those reported by other studies, and the data are reported in Table 1 (Cranfield et al., 1996) .
There were several limitations to this study. First, the results were determined using only a single species of healthy lizard. To better evaluate the accuracy and precision of these or any other equations for clinical application of fluid therapy, dehydrated and debilitated animals (multiple species) should be studied. A second limitation was that the measurement of agreement was determined on the basis of osmolality measured by the use of a freezing-point depression osmometer and biochemical analytes measured on a specific laboratory analyzer. The laboratory analyzer selected for this study is common in veterinary practices, which was why we selected it, but additional study to evaluate the formulae using different laboratory analyzers would be useful. Furthermore, although freezing-point depression osmometers are commonly used to measure osmolality in the laboratory, alternative methods could be used and may yield differing results.
The need for proper administration of fluid therapy to patients to avoid large fluid shifts has been established. The result of this study was the determination of normal plasma osmolality in bearded dragons. However, these results should be used with caution in a dehydrated or debilitated bearded dragon because calculated osmolality values are not a good representative of the patients true osmolality status. Further studies are needed to determine how plasma osmolality changes in debilitated bearded dragons and to develop better methods for calculating these values. 
